Abstract-If large amount of small cells, i.e., femtocells, picocells or microcells, is deployed, users perform handover among small cells and macrocells very often. In OFDMA networks, only hard handover is usually supported as this type can be implemented easily. On the other hand, frequent hard handover negatively influence a quality of service experienced by users. The degradation of the quality is a consequence of a short interruption in communication during hard handover and due to redundant overhead generated for controlling and managing the handover procedure. This paper investigates performance of a fast cell selection applied in two-tier networks with small cells and compares it with the hard handover. We focus on the impact of a backhaul capacity limitation on the performance of both hard handover and fast cell selection. As our results indicate, there is a gain in throughput introduced by the fast cell selection if the backhaul of the small cells is not a bottleneck in term of capacity. Nevertheless, if the backhaul capacity is limited, the fast cell selection is profitable only for low bitrates. This observation indicates a need for mandatory cousideration of the backhaul capacity for the fast cell selection in the networks with small cells.
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I NTRODUCTION
The 4G mobile networks are assumed to be deployed at frequencies in order of GHz (e.g., 2 or 2.6 GHz). To cover potential gaps in coverage due to heavy attenuation of a signal at higher frequencies, small cells can be deployed. In general, two types of the small cells are distinguished: femtocells and pico/microcells. In both cases, radius of the small cells is low (i.e., in order of tens of meters). The femtocells are assumed to be placed in users' premises or enterprises, owned by users and also controlled by users. Their connection to the core network is enabled via a backhau1 of limited capacity and variable quality (typically, ADSL is used). The femtocells can provide open access, closed access, or their combination -hybrid access. In the case of the open access, all users can enter the femtocell. Contrary, only users included in a Closed Subscribed Group (CSG) list are admitted to the closed femtocell. The pico/microcells can be also deployed in users' premises; however, these cells are supposed to be deployed mostly in enterprises or at public places [1] . Pico/microcells are under full control of an operator and should be interconnected with an operator's backbone by a high quality link.
Dense deployment of the small cells introduces new challenges related especially to an interference mitigation for 978-1-4673-4404-3/12/$31.00 ©2012 IEEE the closed access and to a user's mobility management for the open or hybrid access [2] [3] . A mobile user is forced to perform handover from a serving cell to a target cell to keep the quality of service (QoS). If a user is moving close to the open access small cells, large number of handovers can be performed during short time interval. Hence, a significant drop in QoS is introduced due to the hard handover. The amount of handovers can be adjusted by techniques used for elimination of redundant handovers, such as a hysteresis or a delay timer. Unfortunately, these techniques considerably decrease user's throughput in networks with small cells [4] . Moreover, an interruption is still observed if a conventional hard handover is performed as the user is disconnected from the serving cell before a new connection to the target cell is established.
Fast Cell Selection (FCS) can be exploited instead of the hard handover to suppress the handover interruption and QoS decrease. However, an implementation of FCS to real networks is more demanding and more complex comparing to the hard handover. In the case of FCS, so-called Active Set (AS) is defined for each User Equipment (UE). The AS is comprised of several neighboring cells of the UE. Neighbor cells are added/removed to/from the AS depending on the signal level measured by the UE [5] . Improvements of the conventional FCS can be found, for example, in [6] [7] . These papers show an increase in throughput by FCS. Nevertheless, all the papers are focused on the networks with macrocells only.
The contribution of this paper consists in investigation of the throughput of a conventional hard handover and FCS in the networks with small cells providing open or hybrid access. Closed access is not considered since only a limited amount of CSG users (typically up to four users per a small cell [8] ) is admitted to these small cells. We also investigate the impact of the backhau1 capacity of the small cells on the performance of the hard handover and FCS.
The rest of the paper is organized as follows. The next section defines a model and simulation scenario for evaluation of the performance. Further, Section III presents simulation results and provides discussion of the results. In the last section, major conclusions are summarized.
II.

S YSTEM MODEL
From the performance evaluation point of view, a difference between the femto and pico/microcells consists in the capacity of the small cell backhaul. To avoid any ambiguities in terminology, we use the "small cell" with the meaning of the "femtocell" if the backhaul is limited and the label "pico/microcell" if the backhaul is unlimited. By unlimited backhaul is understood the backhaul able to serve all radio traffic, that is, if the backhaul capacity is higher than the radio capacity. In the simulations, "unlimited" backhaul is represented by the backhaul capacity of 100 Mbps.
For the evaluation, a rural scenario with fifty randomly deployed houses within a macrocell is considered according to the recommendations defined by Small Cell Forum [9] . All houses are of a square shape with a size of lOx I 0 meters as depicted in Fig. 3 . Each house is equipped with one randomly deployed small cell and occupied by one indoor UE. The indoor UE moves in line with the probabilistic waypoint mobility model based on [10] . For this model, several points of stay and a point of decision are defined. In the point of decision, the indoor UE selects a point of stay with equal probability for all points. The time spent in the point of stay is generated according to the nonnal distribution taken over from [10] . Beside indoor UEs, also one hundred outdoor UEs are randomly dropped in the simulation area. All outdoor UEs follow the probabilistic random walk mobility model with a speed of I mls. Channel models are also based on recommendations of Small Cell Forum presented in [9] . The path losses are modeled according to ITU-R P.1238 and Okumura-Rata for communication with small cells and macrocells respectively. The major transmission, channel, and simulation parameters are summarized in Table I . For data transmission, TDD LTE-A physical layer with UL-DL configuration "1 " and special subframe configuration "0" is implemented. Each user (outdoor as well as indoor) offers constant bit rate traffic during the whole simulation. User's data are served in such manner that the bandwidth is fairly allocated to provide the same throughput for all users. For the open access, indoor as well as outdoor users share the radio resources and the backhaul of the small cell with equal priority. On the other hand, for the hybrid access, a half of the radio and backhaul capacity is reserved for the indoor UEs. Then all outdoor UEs share the rest of the available capacity.
The performance evaluation is presented through served throughput for indoor, outdoor, and cell edge users. Served throughput represents the amount of really transferred user data. It is observed for indoor, outdoor, and cell edge users. The indoor users are all users located inside the houses (50 indoor UEs in the simulations) while the outdoor users are all other users (100 UEs in our simulations). The cell edge UEs are the users positioned close to the border of two neighboring cells. According to [7] , we define the cell edge UE as the user with the level of the signal from the second strongest cell (S2) within the Tee/Ledge threshold (in simulations, equal to I dB) from the signal level of the strongest cell (serving, ss) as defined in the subsequent equation:
(1)
An amount of the cell edge users varies in time depending on the users' location. Nevertheless, the trajectories of the UEs are the same for the evaluation of both hard handover and FCS. Thus, the amount of the cell edge UEs is the same for both as well.
III. SIM ULA TlON RESULTS
This section presents performance of the hard handover and FCS obtained by simulations in MA TLAB. The served throughput over the level of traffic offered by individual types of UEs is depicted in Fig. 6 -Fig. 8 . The results confinn the fact that an increase in LlHM for the hard handover lowers the throughput. This is caused by keeping UEs connected to the serving cell for a longer time even if the target cell is able to provide a channel with higher quality. For FCS, an impact of the thresholds depends on the type of the access and the backhaul capacity. If the small cell provides higher channel quality than the macrocell, each DE is trying to transmit data via the small cell, but the backhaul is not able to serve the data. The hybrid access with the limited backhaul reaches the same performance for both FCS and hard handover since the fixed ratio of the backhaul capacity is reserved for the indoor DEs.
Performance of the outdoor DEs is influenced in more positive way by FCS (see Fig. 7 ). Again, FCS is profitable for all levels of the offered traffic and both accesses if the small cell backhaul is unlimited. For the limited backhaul, FCS increases throughput for offered traffic up to 2 and 1. 5 Mbps for the open and hybrid accesses respectively. Again, the gain of the hard handover for high level of the traffic and the limited backbone is caused by sharing the resources with more DEs in the case of FCS.
Throughput of the most critical set of user's, the cell edge DEs, is depicted in Fig. 8 . The set of cell edge users mostly consi sts of the outdoor DEs; thus, the behavi or of the throughput of the cell edge DEs follows the results for the outdoor DEs. Therefore, FCS is profitable if a small cell is connected via unlimited backhaul. If the backhaul capacity is limited, FCS outperforms the hard handover only for lower offered traffic like in the case of the outdoor DEs. 
C ONCLUSIONS
In this paper, we investigated performance of FCS and the hard handover if small cells, connected to the network via either limited or unlimited backhaul, are considered. The results show FCS introduces significant gain for all DEs for the unlimited backhaul capacity, i.e., for pico/microcells. On the other hand, the throughput is improved by FCS only for the outdoor DEs offering low throughput up to 2 Mbps if the backhaul capacity is limited (i.e., for femtocells). Therefore, if the small cells are deployed, the conventional FCS can even decrease performance in term of the throughput if the backhaul capacity is not considered in the active set management. Hence, the conventional algorithms for mobility support should be aware of available capacity of the small cell backhaul to maxi mize throughput of users.
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